Alginate capsules with cuttlebone-derived fillers were developed for bone repair applications. Prepared capsules were designed to be suitable for the treatment of small-sized bone loss provocative diseases, such as endodontic and periodontal diseases. Cuttlebone microparticles, as a source of calcium carbonate, or cuttlebone-derived hydroxyapatite microparticles were used as mineral fillers for the preparation of alginate capsules. The capsules were additionally covered with chitosan layer for the hard structure formation and improvement of adhesive properties. Encapsulation efficiency of dexamethasone as a model allopathic drug was 19 %, 24 % and 12 % for capsules with cuttlebone microparticles, capsules with cuttlebonederived hydroxyapatite and capsules without any mineral filler (control group), respectively. We observed that chitosan coating and lyophilisation contributed for the preservation of spherical structure of alginate capsules with mineral fillers. Swelling study of dried capsules in simulated physiological environment (in phosphate buffer saline, pH = 7.2 at 37 °C temperature) showed that average swelling index of alginate-based capsules without mineral fillers was much higher in comparison to capsules with cuttlebone fillers: 121 %, 17 % and 3 % for control group, capsules with cuttlebone microparticles and capsules with cuttlebone-derived hydroxyapatite, respectively.
INTRODUCTION
Nowadays the use of marine-derived natural materials, such as cuttlebone (CB), sodium alginate, chitosan, etc., in biomedical engineering gains an enormous scale due to their high biocompatibility, biodegradability, non-toxicity, low immunogenicity, attractive cost and wide accessibility all over the world [1, 2] . On that ground, great efforts are made towards the improvement of allopathic drugs delivery system in the treatment of bone loss provocative diseases, such as endodontic and periodontal diseases. Encapsulation of bioactive materials is employed as an effective and promising technique alongside the use of traditional drug delivery systems, such as injectable gel or films, strips, sponges, compacts and granules [3, 4] . Abovementioned materials, for example, calcium phosphate granules, could be difficult to handle and to ensure sufficient contact with bone for further osteoconduction [5] . The fundamental of endodontic and periodontal diseases treatment is based on the elimination of inflammation and bacterial infection, while untreated periodontal pockets lead to the loss of teeth [6] . Regeneration of bone around the affected teeth is usually implemented by additional costly and protracted bone restoring procedures, i.e. bone grafting. The size of periodontal intrabone defects could vary depending on a stage of disease and other factors. However, the surgical intervention and treatment using graft materials is reasonable when the size of intrabony defects is ≥2 mm and probing depth ≥ 6 mm [7] .
Cuttlebone (CB) is an endoskeleton of a marine mollusc Sepia officinalis. CB has an attractive perspective in biomedical applications, such as bone repair, due to its biocompatibility and osteoconductivity. The composition of CB includes 90 % of inorganic (Ca, Mg, Na, Fe, Zn, Sr, etc) and 10 % of organic components, where calcium carbonate is the main inorganic compound. Elemental composition of CB is very similar to that of human bone tissue. Moreover, hydroxyapatite (HAp) synthesis from CB could implement towards the improvement of osteoconductive properties of the material [8, 9] . Nevertheless, both calcium carbonate and HAp are established as suitable and effective alloplastic graft materials in periodontal therapy [10, 11] .
Alginate salts are accepted as an effective material in drug delivery systems for alginate/ceramic composites in bone tissue engineering and other biomedical applications. In biological environment COO -functional groups of alginate interact with mucous glycoproteins for the improvement of mucoadhesive properties and sufficient delivery of therapeutic agents to the mucous [12] . Tønnesen and Karlsen [13] have described the potential of alginate in drug delivery systems, including the development of controlled-release or diffusion systems for local and/or systemic administration of biomolecules and allopathic drugs. Tetracycline-loaded chitosan microspheres were prepared by ionotropic gelation and various physicalchemical parameters, affecting drug entrapment, particle size and morphology, were investigated [14] . Many studies describing encapsulation of antibiotics into poly(lactic-coglycolic acid)-based matrices have been performed [15 -17] . However, only small number of studies describing encapsulation of bone restoring minerals into polymer matrix have been published. Ferraz et al. [18] have developed alginate/HAp microspheres loaded with antibiotics for treatment of periodontitis. Microspheres had a sustained drug release profile and demonstrated osteoblast proliferation. Stanislavov et al. [19] have prepared alginate/HAp beads for bone tissue engineering and evaluated some physical-chemical characteristics.
In this study, CB microparticles and CB-HAp were used as mineral fillers for the preparation of alginate capsules containing dexamethasone for bone repair applications, mainly for the treatment of small-sized bone loss provocative diseases, such as periodontal and endodontic diseases.
MATERIALS AND METHODS
Dexamethasone-loaded alginate solution was prepared by initial swelling of sodium alginate in distilled water for 2 h to obtain 2 % sodium alginate solution. Further, dexamethasone sodium phosphate (DSP) was added to obtain 0.4 % concentration of DSP in the prepared sodium alginate solution. Powdered CB was prepared by crushing and milling the CB pieces in an agar mortar and sieving with sieves to obtain 35 -42 μm fraction. CB/HAp was synthesised from CB microparticles as described elsewhere [20] . Different CB-derived materials were then mixed with DSP/alginate solutions and three groups of suspensions were prepared. Suspensions were extruded slowly into a CaCl2 solution (containing glucono-delta-lactone (GDL) and chitosan mixture) through syringe with a needle. The materials used for a preparation of capsules are presented in Table 1 .
Further, capsules were gently agitated using magnetic stirrer (IKA RET basic) for 2 h in an abovementioned crosslinking solution for hardening of capsule core, then washed with distilled water and lyophilised to obtain alginate-based beads. The term beads refer to the capsules that were lyophilised after a preparation.
For the evaluation of DSP encapsulation efficiency, phosphate buffered saline (PBS) solution was prepared by mixing appropriate amounts of 0.1M Na2HPO4·2H2O and 0.1M NaH2PO4·2H2O to reach pH = 7.2. DSP content was determined by dissolving 100 mg of dry capsules in PBS (pH = 7.2) under sonication for 15 min until complete dissolution, followed by centrifugation at 2,500 rpm for 10 min. The samples were then filtered through 25 mm syringe filter with GxF/0.45 µm membrane and the filtrate was analysed spectrophotometrically at 240 nm against phosphate buffer (pH = 7.2) as a blank (spectrophotometer Varian Cary 50 UV-VIS). The results were expressed as an amount of 0.4 % DSP per 100 mg of dry capsules. Drug concentration of tested solutions was calculated using the DSP standard curve. Correlation coefficient of the calibration curve was close to 1 (R 2 = 0.9969) and therefore was reliable for evaluation of DSP concentrations in unknown samples.
FT-IR spectroscopy analysis was performed using a FT-IR spectrometer (Perkin-Elmer, Inc., Waltham, USA). The samples for FTIR analysis were prepared by mixing the finely powdered dried samples with potassium bromide in an agate mortar at a 1:50 ratio and pressing the mixture into homogeneous pellets. Mid-infrared spectral range data, corresponding to 4000 -400 cm -1 , was used; the resolution was 4 cm -1 . Mean particle size (n = 20) of dry samples of each formulation was determined using SEM technique (FEI Quanta 200 FEG, Oregon, USA) with an accuracy of ± 0.05 mm. The structure and surface morphology were also analysed; lyophilised samples were attached to aluminium stubs with double side adhesive strip and examined.
The swelling studies were performed using dry capsules as described elsewhere [21] with some modifications. Swelling study was carried out in PBS at pH = 7.2. Accurately weighed amount of beads (approx. 30 -45 mg) were soaked in PBS, placing them in a thermostat at 37 °C temperature. The beads were put off from the solution at fixed time points, gently wiped with paper napkin and weighed. Swelling index (SI) as a measure of weight change was calculated according the formula:
where W0 is an initial weight of beads and W1 is a weight of beads in the swollen state at a given time point. Data was presented as the mean value of three measurements ±standard error of deviation (SED).
RESULTS AND DISCUSSION
Dexamethasone-loaded capsules with CB-derived fillers were prepared by ionic cross-linking method. Calcium chloride solution was used as a source of Ca 2+ ions for alginate/calcium complexes formation in an acidic solution (Fig. 1) . Moreover, calcium carbonate in CB composition was used as a supporting ionic crosslinking agent for slow and controlled gelation of alginate hydrogel [22] , while GDL was used as a slowly hydrolysing molecule, inducing gradual fall in pH from neutral to acidic [23] . The addition of GDL affected gradual dissociation of CaCO3 to produce Ca 2+ ions. The internal gelation resulting in a homogeneous distribution of alginate within the hydrogel was therefore achieved due to: a -addition of CB microparticles as a source of calcium carbonate into alginate solution and b -addition of GDL into continuous phase.
Three types of dexamethasone-loaded alginate capsules were prepared: a -with CB microparticles (DSP/CB); b -with CB-HAp (DSP/CB-HAp) and c -without any mineral filler (DSP/0). Capsules were dried using lyophilisation for the improvement of their storage and handling. [24] , the degradation of calcium carbonate or calcium phosphate in a composition of bone scaffold is assumed as positive phenomenon for successful bone regrowth, and the strategies to accelerate this process are thoroughly investigated. Sariibrahimoglu [24] studied the strategies to accelerate the degradation of calcium phosphates for bone tissue engineering. According to the study, the addition of GDL into polymer/mineral bone composites accelerates the degradation rate of poorly degradable apatitic calcium phosphate cements. Moreover, the solubility of carbonated apatite (like HAp derived from natural sources) generally increases because CO3 2-ions in the apatite lattice disturb PO4 3-and/or OH -ions from their lattice positions [25] . Following the latest achievements, in this study GDL and CB-HAp were added into polymer/mineral matrix for the improvement of bone repair related phenomena.
Dexamethasone (a synthetic glucocorticoid) was chosen as a model drug with the C=O, COOH and P-O-C functional groups. It is an immunomodulatory therapeutic agent, because the mechanism of action involves pleiotropic antiinflammatoric effects [26] . Reduction of inflammation is a most often emergent question in treatment of endodontic and periodontal diseases. Interestingly, immunomodulatory effect could play a key role in prevention of secondary bacterial infection [27] that is quite common after surgical intervention. Chitosan was added into continuous phase during ionic cross-linking process, because covering with chitosan layer contributes to the hard structure formation of capsules [28] . Prolonged stirring of capsules in calcium chloride solution during their preparation contributes to the dense cross-linked network formation, because deeper penetration of Ca 2+ ions into alginate matrix could be achieved [29] . Moreover, coating with chitosan layer improves adhesive properties of alginate capsules significantly [13] .
Encapsulation efficiency was calculated by means of drug loading into 100 mg of dry capsules (Table 2) . The entrapment of drug was almost 2-fold higher in dexamethasone-loaded beads containing CB-derived materials, then in dexamethasone-loaded beads without mineral fillers.
According to the research of Jyothi et al. [30] there are a number of factors that could influence encapsulation efficiency. In this study, preparation conditions of beads were the same for all sample groups, including concentration of alginate solution, ratio of dispersed phase to continuous phase and molecular weight of polymers. Incorporating of CB or CB-HAp microparticles into composition of capsules obviously decreased the ratio of hydrogel-forming polymers (alginate and chitosan) to a mineral filler, and therefore enhanced solidification during stirring in a continuous phase. Drug loss of DSP/0 into continuous phase could therefore occur, because in this case longer time for solidification of capsules in continuous phase was required. DSP concentration (0.4 %) was taken as a basis, because this concentration of drug is generally established to give a therapeutic effect when prescribed per os or intravenously. For the topical application the DSP concentrations could be dropped to the 0.05 % -0.1 % range. Though addition of chitosan into continuous phase improves the structure of prepared capsules as was described above, the interaction between DSP and chitosan could possibly contribute to the general low drug encapsulation rate [31] . On the other hand, strong interaction between drug and structural polymer for capsule formation (sodium alginate in this study) is also not recommended, because it could limit drug release into biological medium [32] . To enhance encapsulation efficiency, the increased ratio of dispersed phase to continuous phase could be taken.
FT-IR spectra of dexamethasone-loaded alginate capsules are presented in Fig. 2 . and 1030 cm -1 bands of low intensity are visible and originate from the C-H stretching vibration of the C=O, COO -antisymmetric stretching vibration and -P-O-C vibration, respectively [33] . The -P-O-C vibration peak of high intensity is visible in the spectrum of DSP/CB-HAp, because it contains HAp as a mineral filler. Other DSP characteristic absorption peaks are not clearly visible, because of interference with the peaks, generated from functional groups of alginate, CB and chitosan.
The structure and surface morphology of prepared beads were analysed from SEM microphotographs (Fig. 3) .
The mean particle size varied in the range of 0.89 -0.93 ± 0.05 mm, 0.91 -0.94 ± 0.08 mm and 0.98 -1.2 ± 0.04 mm for DSP/CB, DSP/CB-HAp and DSP/0, respectively, with a narrow distribution. Although the morphology of all sample groups in wet state was spherical with a diameter of approximately 2 mm, it changed after drying, showing the visible differences among beads with/without mineral fillers. Almost spherical shape of DSP/CB and DSP/CB-HAp remained after lyophilisation. The preservation of spherical shape of DSP/CB and DSP/CB-HAp capsules was also achieved by reinforcing of alginate with mineral fillers. Some folds and cavities were observed, as an evidence of unavoidable contraction force and polymer viscosity increase during any drying process [34] . The rough surface of DSP/CB and DSP/CB-HAp demonstrates the presence and even distribution of mineral fillers. It could be concluded that reinforcing with mineral fillers and lyophilisation as a gradual non-drastic drying process contributed to the preservation of capsules structure. Oppositely, the morphology of DSP/0 changed dramatically, showing number of cracks and wrinkles in the disordered non-spherical structure.
The objective of the swelling behaviour experiment was to simulate the temperature and pH of biological environment. Normally, human saliva maintains the pH of oral cavity near neutrality (pH in a 6.7 -7.3 range) [35] , while the pH of human gingival crevicular fluid is in a 7.5 -8.7 range. For the explanation of the results, it can be assumed that the decrease of SI indicates the disintegration of beads and subsequent release of its load into surrounding medium [36] .
The complete disintegration of DSP/CB-HAp beads occurred just after 2 h, indicating rapid release of dexamethasone and CB-HAp from the beads (Fig. 4) . In comparison, after 1 h of soaking in PBS the SI of DSP/CB beads started to decrease, indicating only partial dissolution.
Typical SI for all types of beads was observed at 1 h data point. After 1 h, an average SI of alginate-based beads without mineral fillers was much higher in comparison to beads with CB fillers: 121 ± 34.0, 17 ± 0.8 and 3 ± 1.0 for DSP/0, DSP/CB and DSP/CB-HAp beads, respectively. DSP/0 beads had a high SI due to the hydration of COO -groups of alginate, as well as NH3 + groups of chitosan presented a composition of core matrix. Oppositely, DSP-CB and DSP/CB-HAp samples showed only marginal increase of SI during the experiment because reinforcement of alginate matrix with mineral fillers stabilised the structure of capsules. By taking into account the limited space of periodontal intrabone defects, decreased swelling of capsules for bone repair is greatly desirable. 
CONCLUSIONS
Alginate capsules with cuttlebone-derived mineral fillers for bone repair were successfully prepared by ionic cross-linking method. The mean size of dry capsules was in the 0.89 -0.94 ± 0.08 mm range that is conformable to the size of periodontal intrabone defects. The addition of 5 % glucono-delta-lactone ensured controlled gelation of alginate hydrogel during capsule core formation, also supporting the desirable degradation of poorly soluble calcium compounds. To conclude, an integrated solution for bone repair in endodontic and periodontal therapy was suggested by preparation and characterisation of alginatebased capsules with cuttlebone-derived mineral fillers.
